Background: The deep south of Thailand is an area which has been affected by violence since 2004, yet the concurrent coverage of antenatal care has remained at over 90%. Our study aimed to describe the prevalence of nutrient inadequacy among pregnant women who attended antenatal care clinics in hospitals in the study area and assess factors associated with nutrient inadequacy.
Background
Nutrient intake is important to the well-being of pregnant women and the fetus. Inadequate nutrient intake can lead to maternal anemia, increasing the risk for other maternal morbidities and mortality, fetal growth retardation and low fetal birth weight [1, 2] . Inadequacy of macronutrient and micronutrient intake in pregnant women has been previously reported in developing countries such as Bangladesh [3] , China [4] , Sudan [5] , Nigeria [6] and in developed countries such as the USA [7] . In Thailand, the national prevalence of iron deficiency anemia among pregnant women was 13% [8] but the prevalence in the southern region was as high as 37.8% [9] . In addition, 55% of women had their daily nutrient intake less than the minimum acceptable levels based on the Recommended Dietary Allowance (RDA) [10] . Inadequacy of micronutrient intake was also noted in a recent study in southern Thailand [11] .
Previous studies have shown that family income, education and pregnancy body mass index (BMI) were associated with nutrient inadequacy [3, 12, 13] . In addition to these demographic and socioeconomic factors, occurrence of violence events stemming from social conflict can cause failure of food supplies and a worsening of health service systems [14, 15] . An association between conflict situations within a community and malnutrition has been demonstrated in 21 countries in sub-Saharan Africa [16] . It is not unlikely then that a conflict situation in a community may influence nutrient inadequacy of the pregnant women who live there.
Narathiwat is located in the lower southern part of Thailand where the prevalence of anemia in pregnant women is higher than 20% and low birth weight is steadily reported at 9%. Importantly, the people living in this area have been besieged by violent conflicts since 2004. However, the local health systems are well-functioning and still being utilized. The proportion of live births delivered in institutions has risen from 78% in 2004 to 86% in 2008. Similarly, the percentage of women having their first antenatal visit before 12 weeks of gestation was 72% in 2004 and this increased to 85% in 2008. Due to the high coverage of early antenatal visits, there is a good opportunity to investigate the inadequacy of nutrient intake among these women with respect to both the magnitude of the problem and its associated factors. This information will be useful for further planning of interventions. Our study thus aimed to describe the daily dietary macronutrient and micronutrient intake regarding the six Thai food groups among pregnant women at the first half of pregnancy and to assess the prevalence of inadequacy of these nutrients and associated factors on individual and community characteristics.
Methods

Study design
A hospital-based cross-sectional survey was approved by the Ethics Committee of the Faculty of Medicine, Prince of Songkla University, Songkhla, Thailand (reference no. EC 50/354-012), the Ethics Committee of the Ministry of Public Health (reference no. 9/2008) and the Chief Medical Officers of Narathiwat Provincial Health Offices and the Directors of participating hospitals. All eligible pregnant women were invited to join the study. Written informed consent was obtained from all recruited subjects.
Study setting
Narathiwat province was purposively selected to be the study setting because the prevalence of maternal anemia and low birth weight are high. In addition, the people living in this area are culturally different from those of people in other regions of the country. Hospitals from four districts, namely Ra-Ngae, Tak Bai, Su-Ngai Padi and Cho-Irong were chosen as the study hospitals. All pregnant women with a gestational age of 12 to 20 weeks, who had lived in Narathiwat province for at least one year prior to the study and had attended their first antenatal visit in one of the study hospitals during January-December 2008, were included in the study. Highrisk pregnancies such as severe anemia of less than seven gm/dl, heart disease, AIDS, or any mental problems were criteria for exclusion.
Sample size
The prevalence of inadequacy of nutrient intake in a previous study varied considerably [10] , so the average prevalence (55%) was considered in this study. In order to estimate this prevalence with 95% confidence and a precision of 5%, a total of 380 pregnant women were needed.
Data collection
A one-day training workshop was arranged by the investigators to allow the relevant staff of each participating hospital to be acquainted with the study details and data collection procedures. One full-time female research assistant was employed at each hospital to collect the data under regular supervision of the first author.
After receiving a full explanation on the purpose of the study, the women were given a self-administered structured questionnaire to ascertain their individual baseline characteristics. The table of food intake recommended for pregnant women published in an antenatal care handbook provided by the Ministry of Public Health, Thailand was used for guidance of food items required. The six food groups including rice, vegetable, meat, fruit, fat and milk were listed. The units for measuring the amount of each food was recorded as ladles for rice and vegetables, portions for fruit, tablespoons for meat, tea-spoons for fat and glasses for milk. Photographs of the types and amounts of foods were shown to the women to improve estimation of portion size. The subjects were requested to recall their average daily intake for breakfast, lunch, dinner and supper over the previous two weeks for all food groups and the amount eaten using the standard units mentioned above. If the consumed food was not in the list, then that kind of food was converted into an equivalent amount of the same food type. For example, noodles were converted into rice equivalent. Total food intake regarding types, amount and frequency were calculated into weight of macronutrient and micronutrient using the modified Food Nutrient Conversion Table endorsed by the Nutrition Division of the Ministry of Public Health, Thailand [17] .
Nutrient Variables
The two main outcome variables were level of macronutrients, which included carbohydrate, protein, fat and calories, and level of micronutrients, which included minerals (calcium, phosphorus and iron), vitamins (thiamine, riboflavin, retinol, niacin, vitamin c, folic acid) and iodine. Inadequacy of macronutrients and micronutrients was defined as having total nutrient intake lower than two-thirds of the RDA.
Independent Variables
Individual characteristics obtained from each subject were age, religion, gestational age, occupation, education level, family income, number of family members, pre-pregnancy weight, height and number of live children. Community characteristics in 2008 on population density, average household income and literacy rate were obtained, while number of violent events, number of deaths and number of injuries in 2008 were retrieved from the Violence-related Injury Surveillance database [18] . The level of violence in study communities was determined by a weighted violence score which was retrieved from three parameters of violence, namely the number of violent events, number of injuries and number of deaths from violent events. These three parameters were divided by the mid-interval population to obtain the standardized scores of numbers of events, injured cases and dead cases, respectively. Factor analysis was then run on these three violence-related variables to obtain a weighted violence score for each district, reflecting the level of violence. Women living in the same district thus had the same weighted violence score.
Statistical analysis
The data were computerized using Epidata 3.1 and analyzed using R software version 2.9.1 (The R Foundation for Statistical Computing 2008, Austria). The total daily intake of macronutrients and micronutrients was described using means and quartiles. Percentage of RDA (the actual quantities of nutrients divided by the RDA levels multiplied by 100) and percentage of inadequacy were computed. Logistic regression models using backward stepwise selection were fit to the data to estimate the effect of individual and community level factors on nutrient intake. The results were shown as odds ratios with 95% confidence intervals (95% CI). Statistical significance was considered for p values less than 0.05. Table 1 shows the community characteristics in each study district in 2008. Ra-Ngae had the highest population while Chi-Irong had the highest population density. Ra-Ngae district had the highest average household income and violence rate compared to the other districts. The districts with a high violence rate (per 100,000 population) also had high injury and death rates. The most common violent events were bomb blasts and shootings.
Results
District Characteristics
Participant characteristics
Of 462 eligible women approached, 400 (86.5%) consented to participate in the study. Individual characteristics of these participants are presented in Table 2 . Approximately one-third of participants were aged between 25 and 29 years. Half of them were housewives and had completed secondary school. The majority were Muslim and were in poor economic status with monthly income lower than 156 USD. Underweight (BMI <18.5 kg/m 2 ) was detected in 16.8% of the participants. The RDAs for all measured macronutrients, minerals and thiamine were in the fourth quartile of participant's nutrient intakes. The RDAs for retinol, vitamin C, folic acid and iodine were in the first quartile. If two-thirds of the RDA is considered as inadequate, the prevalence of inadequate macronutrient intake was over 59%.
Characteristics of nutrients intakes
Factors influencing inadequacy of nutrient intake
Due to the low prevalence of folic acid, vitamin C, iodine, retinol and riboflavin intake inadequacy in our sample demonstrated, these variables were excluded from the analysis of micronutrients. Tables 4 and 5 present the final model of logistic regression predicting inadequacy of macronutrients and micronutrients, respectively. Maternal age, educational level, gestational age at enrolment, pre-pregnancy BMI and level of violence were associated with nutrient inadequacies. Women aged less than 20 years were at a lowest risk of macronutrient and micronutrient inadequacy compared to those aged 20-34 years. Women with a primary school education were at a high risk for inadequacy of most nutrients. Gestational age was consistently associated with most nutrient inadequacies. If gestational age was more than 14 weeks, the risk of having macronutrient and micronutrient inadequacy was lower. Pre-pregnancy BMI was associated with only carbohydrate inadequacy. Women with low pre-pregnancy BMI had a lower risk of inadequacy compared to those with normal BMI. Level of violence, represented by weighted violence score in the area, was associated with a high risk of inadequacy for most macronutrients and micronutrients.
Discussion
More than half of the women in this study were found to have nutrient intake inadequacy for all macronutrients plus calcium and thiamine. Almost half of the women had a lower iron and niacin intake compared to than the Thai RDA. Folic acid, vitamin C, iodine, retinol and riboflavin intakes were found to be adequate in most women. Factors associated with higher nutrient inadequacy were low educational attainment and high level of violence within the community. Those associated with lower nutrient inadequacy were maternal age less than 20 years, gestational age at enrolment of 14 weeks or more and a pre-pregnancy BMI of less than 18.5. Table 6 shows a summary of five studies conducted in the USA, Nigeria, China and Thailand on the levels of daily nutrient intake in pregnant women [4, 6, 7, 10, 11] . The gestational age at recruitment and definition of inadequate intake varied across studies. In our study, gestational age and definition of inadequacy was similar to the study from USA [7] but different from the other two studies in Thailand, which both studied pregnant women in their late trimester [10, 11] . Inadequacy of both macronutrient and micronutrient intake was commonly detected in developing countries [4, 6] in contrast to the study from USA [7] .
Our study found that maternal age, education, gestational age at recruitment and pre-pregnancy BMI were associated with nutrient inadequacy. Maternal age was associated with inadequacy of all macronutrients. In our study, pregnant women aged less than 20 years, compared to those aged 20-34 years, had a lower nutrient inadequacy. This finding was different from the study in Nigeria which showed a higher inadequacy and 100% RDA was used for the threshold of inadequacy [6] . This finding discrepancy may be explained by the different threshold of inadequacy and difference in study participants. Pregnancy among youths in lower south of is socially acceptable; as a result, young women may have awareness on the risks of pregnancy leading to improved nutrient intakes.
Education was found to have a consistent effect on inadequacy of almost all nutrients. Women who had a primary education or less were 1.5-3 times more likely to have nutrient inadequacy. Generally, nutritional principles are incorporated into the compulsory education of Thailand. However, knowledge on nutrition requirement for pregnant women is not included. It is also possible that women with a higher education have better food habits than those with a low education. This is supported by a study in Japan which found that higher education is associated with higher intakes of protein, fatty acid, dietary fiber, cholesterol, potassium, calcium, magnesium, iron, vitamin A, D, E and C and folate [13] . In addition, gestational age at enrolment of 14 weeks or more was found to be associated with a lower risk for inadequacy of both macronutrients and micronutrients. This finding was consistent with a previous study which found that a loss of appetite and morning sickness were more likely to occur in the first trimester of pregnancy [19] . Women with pre-pregnancy BMI of less than 18.5, compared to normal BMI (BMI 18.5-24.9), had a lower carbohydrate inadequacy in our study, contrasting a finding of a study in China [4] . This might be explained by a difference in definition of inadequacy between two studies. However, the link between lower carbohydrate inadequacy and low pre-pregnancy BMI could not be explained. Although a study suggested that the type of carbohydrate may be related to body weight, the daily total carbohydrate intake was not found to be related to BMI [20] .
A higher level of violence in the community was associated with an increased risk of all nutrients inadequacy except fat, calorie and calcium. This finding might be due to the agricultural nature and lifestyles of people in this area. It is quite common for people living in the study area to set aside land surrounding their house for gardening and farming. Locally grown fruits and vegetables are rich in nutrients and provide the residents with adequate sources of calcium. Fresh fruits, such as banana, durian, jackfruit, rambutan and coconuts, which are eaten throughout southern Thailand, contain high amounts of fat and calories. The effect of long-term violence on nutrition intake may result in increased stress [21, 22] , which may subsequently decrease appetite [23, 24] . In addition, foods may also be less accessible in areas of violence due to safety problems and difficulties involved with food transportation. These and other consequences of violence eventually reduce nutrient uptake for the people living in the area leading to nutrient inadequacy.
This study was hospital-based in nature but the coverage of early antenatal care was high (90%). Therefore the problem of samples not being representative of the population may not be serious. Like most epidemiological nutritional surveys, the reliability of food intake based on tabulation may be doubtful. Assuming that recall errors occur at random, the results would be biased toward no association.
Conclusions
Pregnant women living in Narathiwat province of southern Thailand had a high prevalence of nutrient intake inadequacy, particularly in macronutrients. Maternal age, education, gestational age, pre-pregnancy BMI and level of violence were associated with nutrient intake inadequacy; however, all the dietary intake components were not equally affected. Our evidence suggests that both individual and community factors are important and there is a need to put more effort on good counseling at antenatal care clinics to alleviate nutrient inadequacy, especially in high-risk women. The strengthening of community, health providers and health systems roles are needed for further studies to improve this condition.
